Fusion anomalies of the Müllerian ducts are associated with an increased risk for miscarriage and premature labor. In most cases polygenic-multifactorial inheritance can be assumed but autosomal-dominant inheritance with reduced penetrance and variable manifestation should be considered. We performed array-comparative genomic hybridization (CGH) analysis in a cohort of 103 patients with Müllerian fusion anomalies. In 8 patients we detected microdeletions and microduplications in chromosomal regions 17q12, 22q11.21, 9q33.1, 3q26.11 and 7q31.1. The rearrangement in 17q12 including LHX1 and HNF1β as well as in 22q11. 21 have already been observed in MRKHS (Mayer-Rokitansky-Küster-Hauser syndrome). In summary, we (1) detected causative micro-rearrangements in patients with Müllerian fusion anomalies, (2) show that Mül-lerian fusion anomalies and MRKHS may have a common etiology, and (3) identified new candidate genes for Müllerian fusion anomalies.
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| INTRODUCTION
In the bipotential stage of sexual development 2 pairs of genital ducts, the Wolffian and the Müllerian ducts, are present. Whereas the Wolffian ducts give rise to the male reproductive tract, the Mül-lerian ducts differentiate to the fallopian tubes, uterus, and proximal vagina in human females. The morphology of the female genital tract shows a great diversity among mammalian species resulting from differences in the range of fusion of the Müllerian ducts. In monotremes the reproductive tract consists of oviducts and uterus duplex without vagina. Marsupials have also a uterus duplex but 2 lateral vaginae and a median delivery canal. Different patterns of Müllerian fusion can also be seen in true mammalians with the greatest extent of fusion in primates resulting in a single uterus and a single vagina. 1 The prevalence of fusion anomalies of the Müllerian ducts in women is about 0.4%. 2 However, in women affected by sterility or infertility the frequency is about 13% reflecting the significance of uterine anomalies for reproduction. 3 The risk of miscarriage is increased in patients with uterine anomalies: 34% in septate uterus, 40% in uterus didelphys, 44% in unicornuate uterus and 47% in bicornuate uterus. The risk of premature delivery is also increased. 4, 5 So far, our knowledge about the etiology and pathogenesis of anomalies of the Müllerian ducts is very limited. In most cases polygenic-multifactorial inheritance is assumed. The recurrence risk for sisters is about 2.7%. 6 However, autosomal-dominant inheritance with reduced penetrance and variable manifestation should be considered.
Genes required for initial Müllerian duct formations in the mouse such as Pax2 (paired-box-gene 2), Lhx1 (LIM homeobox 1), Emx2
(empty spiracles homeobox 2), Wnt7a (wingless-type MMTV integration site family, member 7) and Wnt4 (wingless-type MMTV integration site family, member 4) can be delineated from genes responsible for the differentiation of Müllerian ducts in females such as Hoxa9
(Homeobox A9), Hoxa10 (Homeobox A10), Hoxa11 (Homeobox A11), Hoxa9 is expressed in the oviducts, Hoxa10 in the uterus, Hoxa11
in the uterus and cervix, and Hoxa13 in the cervix and upper vagina. 16 In humans, mutations of HOXA13 cause hand-foot-genital syndrome including Müllerian fusion anomalies.
The aim of this study was to identify genetic causes of Müllerian fusion anomalies. We performed array-comparative genomic hybridization (CGH) analysis, in order to detect causative microdeletions and -duplications.
| MATERIALS AND METHODS

| Patients
This study was approved by the institutional review board and informed consent has been obtained from the participating patients. 
| Realtime quantitative PCR
The microdeletion including TRIM32 (tripartite motif-containing protein (Table 1) . RT-qPCR primers were designed using Primer3 Soft- 3 | RESULTS
| Array-CGH analysis
The results of aberrations, which are recurrent or known to be involved in Müllerian duct disorders, are given in Table 2 , while Table 3 summarizes all non-recurrent copy number variations detected in all patients.
In 2 patients (patients 102 and 103) with fusion anomalies of the uterus, who are mother and sister of a MRKHS patient described before, the same microdeletion in 17q12 including LHX1 was detected.
In 1 patient (patient 48) with partial septate uterus, a microduplication in 22q11.21 was detected. Imbalances affecting region 22q11.21 were shown to be associated with MRKHS and Müllerian aplasia in previous studies. 8, 20, [23] [24] [25] In 2 unrelated patients (patients 65 and 77) with uterus didelphys and with complete septate uterus, respectively, a heterozygous microdeletion in 9q33.1 was detected. This deletion includes TRIM32
which is mutated in autosomal-recessive Bardet-Biedl syndrome 11 (BBS11). Furthermore, by performing RT-qPCR in patient 65 and her parents, we found out that the deletion has arisen de novo in the patient. Unfortunately, no material was available from patient 77 and her parents. In patients 37 and 90 affected by partial septate uterus a deletion and a duplication, respectively, involving ZNF277 (zinc finger protein 277) in 7q31.1 were detected.
In patient 42 (double uterus, vagina and left oviduct and ovary) and in patient 60 (double uterus, vagina, oviduct and ovaries) the same deletion in 9q21.2 was found. This deletion includes VPS13A
(vacuolar protein sorting 13, yeast, homolog of A) which is mutated in autosomal recessive choreoacanthocytosis (MIM#200150). 26 The deletion was disrupted by a short unaffected region (dedicator of cytokinesis 4) and ZNF277.
| DISCUSSION
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The similarity of the phenotype of the 2 women carrying the same deletion of VPS13A gene is conspicuous. Homozygous or compound heterozygous loss-of-function mutations of VPS13A are associated with the rare neurodegenerative disorder choreoacanthocytosis which is characterized by widespread, non-specific nervous system symptoms, or spiculated "acanthocytic" red blood cells. However, to the best of our knowledge, no connection between choreoacanthocytosis and malformations of the Müllerian ducts can be found in the literature.
We detected in patient 62 (partial septate uterus) an approximately 500 kb gross gain in Xp22.2 encompassing MSL3 (malespecific lethal 3, drosophila, homolog of) and FRMPD4 (ferm and PDZ domains containing protein 4). In the past, we described in a MRKH type 1 patient a 357.5 kb duplication in Xp22.2 affecting MSL3 and ARHGAP6 (Rho GTPase-activating protein 6). 8 In drosophila MSL3
regulates transcription of X-linked genes in order to equalize expression of X-linked genes in males and females. The function of ARH-GAP6 is still unknown.
| Selected private CNVs
In patient 64 with partial septate uterus we detected a partial duplication of PLCH1 (phospholipase C, eta1) (exon 12-25) in 3q25.31.
PLCH1 encodes an isoform of phospholipase C and plays a role in inositol signaling pathway. In chicken, PLCH1 shows an increased expression in the female Müllerian ducts in comparison to the regressing in the male, suggesting an important role for PLCH1 in the female Müllerian duct formation. 31 A gain of approximately 350 kb in 17p13.2 encompassing 8 genes has been noticed in patient 34. One of these genes is DERL2 (DER1-like domain family, member 2), which is completely duplicated in the patient. Derl2 knockout mice showed beside skeletal malformations an increased rate of late stage abortions. 32 The latter could be due to malformations of the uterus. The patient carrying this duplication has an uterus didelphys without any skeletal dysplasia.
In patient 87 with HWWS we found a partial duplication of exon In summary, we (1) detect the genetic cause of Müllerian fusion anomalies in 9.2% of patients in our cohort, (2) show that Müllerian fusion anomalies and MRKHS have partly a common etiology, (3) identify a further candidate gene (TRIM32) for Müllerian fusion anomalies.
